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1
CIRCUITRY FOR PHASE DETECTOR

BACKGROUND

A phase detector comprises one or more flip-flops, such as
a D flip-flop, and 1s a component used in phase locked loop
circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It 1s noted that, 1n accordance with the stan-
dard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the various features may be
arbitrarily increased or reduced for clarnity of discussion.

FIG. 1 1s an 1llustration of a flip-tlop, 1n accordance with
some embodiments.

FI1G. 2 1s an 1llustration of a phase detector, in accordance
with some embodiments.

FI1G. 3 1s an illustration of circuitry for a phase detector, in
accordance with some embodiments.

FIG. 4 1s an 1llustration of circuitry for a phase detector, in
accordance with some embodiments.

FIG. 5 1s an 1llustration of a flow diagram of a method, in
accordance with some embodiments.

FIG. 6a 1s an 1llustration of a flow diagram of a method, in
accordance with some embodiments.

FIG. 65 1s an 1llustration of a flow diagram of a method, in
accordance with some embodiments.

FIG. 7 1s an 1llustration of behavior of a circuit, 1n accor-
dance with some embodiments.

FIG. 8 1s an 1llustration of behavior of a circuit, 1n accor-
dance with some embodiments.

FIG. 9 1s an illustration of an example computer-readable
medium or computer-readable device comprising processor-
executable instructions configured to embody one or more of
the provisions set forth herein, according to some embodi-
ments.

DETAILED DESCRIPTION

The following disclosure provides many different embodi-
ments, or examples, for implementing different features of
the provided subject matter. Specific examples ol compo-
nents and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and
are not imtended to be limiting. For example, the formation of
a first feature over or on a second feature 1n the description
that follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments 1n which additional features may be
formed between the first and second features, such that the
first and second features may not be 1n direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters 1n the various examples. This repetition 1s for
the purpose of simplicity and clarity and does not 1n itself
dictate a relationship between the various embodiments and/
or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be used
herein for ease ol description to describe one element or
teature’s relationship to another element(s) or feature(s) as
illustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1n
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
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2

degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

According to some embodiments, circuitry for a phase
detector 1s provided. In some embodiments, output of the
circuitry 1s applied to a tlip-tlop of the phase detector. In some
embodiments, the output of the circuitry causes a Q-output of
the flip-tlop to have a random value which 1s more retlective
of the behavior of the thip-tlop. According to some embodi-
ments, since real flip-flops are not ideal, having the value at
the Q-output be random allows the behavior of the phase
detector or of a phase locked loop circuit that uses the phase
detector to be more accurately modeled. A model or simula-
tion of an integrated circuit, such as including a phase locked
loop, that implements the phase detector thus more accurately
represents or predicts the behavior of the integrated circuit
should the integrated circuit be physical constructed in the
real world.

FIG. 1 1llustrates a flip-tflop 102, such as a D flip-tlop. In
some embodiments the tlip-tlop 102 1s used 1n a phase detec-
tor, such as where the phase detector 1s used 1n phase locked
loop circuitry. In some embodiments, the tlip-tlop 102 com-
prises a D-mnput 104, a CP-mnput 106 and a Q-output 108. In
some embodiments, data 1s received via the D-input 104. In
some embodiments, the data 1s recerved via a data source 110
connected to the D-mnput 104. In some embodiments, a clock
112 1s connected to the CP-mnput 106.

FIG. 2 1llustrates the phase detector 200 comprising a train
of inverters 208, 210, 212, 214, 216 coupled to flip-tlops 102,
202, 204, 206. In some embodiments, a tlip-tlop 102 1s con-
nected to at least one of an output of a first inverter 208 or an
input of a second 1nverter 210. In some embodiments, a sec-
ond flip-flop 202 1s connected to at least one of an output of
the second inverter 210 or an 1put of a third inverter 212. In
some embodiments, a third flip-flop 204 1s connected to at
least one of an output of a fourth inverter 214 or an 1nput of a
fifth mverter 216. In some embodiments, a fourth tlip-tlop
206 1s connected to an output of the fifth inverter 216. In some
embodiments, at least one of the flip-tlop 102, the second
tlip-tlop 202, the third flip-tlop 204 or the fourth flip-tlop 206
1s connected to a frequency reference 218. In some embodi-
ments, the flip-flop 102 transmits a first Q-output 220. In
some embodiments, the second flip-flop 202 transmits a sec-
ond Q-output 222. In some embodiments, the third flip-tlop
204 transmits a third Q-output 224. In some embodiments,
the fourth thip-tflop transmits a fourth Q-output 226. In some
embodiments, a first connection 228 connects one or more
other inverters. In some embodiments, a second connection
230 connects one or more other flip-tlops. In some embodi-
ments, at least one of the one or more other inverters 1s
connected to at least one of the one or more other flip-flops. In
some embodiments, at least one of the one or more tlip-flops
transmits one or more other Q-outputs.

FIG. 3 illustrates circuitry 300 for the phase detector 200,
where the circuitry 1s coupled to the flip-flop 102. The cir-
cuitry 300 comprises a first multiplexer 302, a second multi-
plexer 304 and a notifier 306. In some embodiments, a first
modified data signal 308 1s recerved at a O-mput 310 of the
first multiplexer 302. In some embodiments, a random value
312 isrecerved at a 1-input 314 of the first multiplexer 302. In
some embodiments, the notifier 306 1s coupled to the first
multiplexer 302. In some embodiments, the notifier 306
determines whether a violation exists in at least one of a setup
timing margin or a hold timing margin. In some embodi-
ments, the first modified data signal 308 is received at a
O-input 316 of the second multiplexer 304. In some embodi-
ments, a first multiplexer data signal 318 1s transmitted from
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the first multiplexer 302 to a 1-input 320 of the second mul-
tiplexer 304. In some embodiments, a second multiplexer
data signal 322 1s transmitted from the second multiplexer
304 to the D-1nput 104 of the flip-tlop 102.

FI1G. 4 illustrates the circuitry 300 for the phase detector
200, where the circuitry 1s coupled to the flip-tflop 102. In
some embodiments, a first butier 402 recerves a data signal
406 from the data source 110. In some embodiments, the
notifier 306 recerves the data signal 406 from the data source
110. In some embodiments, the first buifer 402 applies a first
delay to the data signal 406 to generate the first modified data
signal 308. In some embodiments, the first butfer 402 applies
the first delay to the data signal 406 using a first delay signal.
In some embodiments, the first modified data signal 308 1s
transmitted from the first butfer 402 to the O-mnput 310 of the
first multiplexer 302. In some embodiments, the random
value 312 1s received at the 1-mnput 314 of the first multiplexer
302. In some embodiments, the notifier 306 1s coupled to the
first multiplexer 302. In some embodiments, the notifier 306
1s connected to the clock 112. In some embodiments, the
notifier 306 1s connected to a second buil

er 404. In some
embodiments, the notifier 306 determines whether a violation
exi1sts 1n at least one of a setup timing margin or a hold timing
margin. In some embodiments, the notifier 306 determines
whether the violation exists between the clock 112 and the
data source 110. In some embodiments, the notifier deter-
mines whether the violation exists between a frequency ret-
erence associated with the clock 112 and the data signal 406.
In some embodiments, the first modified data signal 308 is
received at the O-input 316 of the second multiplexer 304. In
some embodiments, the first multiplexer data signal 318 1s
transmitted from the first multiplexer 302 to the 1-mput 320
of the second multiplexer 304. In some embodiments, the

second multiplexer data signal 322 1s transmitted from the
second multiplexer 304 to the D-1nput 104 of the tlip-tlop 102.
In some embodiments, the second builer 404 1s connected to
the CP-mput 106 of the tlip-tflop 102. In some embodiments,
the second butifer 404 applies a second delay to a signal 408 to
generate a second modified data signal 410. In some embodi-
ments, the 31gnal 408 1s a clock signal. In some embodiments,
the second butiler 404 applies the second delay to the signal
408 using a second delay signal. In some embodiments, the
second delay signal 1s different than the first delay signal. In
some embodiments, the second delay signal 1s the same as the
first delay signal. In some embodiments, the second modified
data signal 410 1s transmitted from the second butifer 404 to
the CP-mput 106 of the tlip-flop 102. In some embodiments,
the clock 112 provides the signal 408 to the second buffer
404. In some embodiments, the clock 112 provides the signal
408 to the notifier 306. In some embodiments, the signal 408
1s the same as the data signal 406. In some embodiments, the
signal 408 1s different than the data signal 406. In some
embodiments, the signal 408 1s based upon the data signal
406. In some embodiments, a random value turn on control
signal 412 1s received by the second multiplexer 304.

FIG. 5 illustrates a method 500 for operating the circuitry
300 for the phase detector 200. At 502, a first delay 1s applied
to a data signal to generate a first modified data signal. In
some embodiments, the first delay 1s applied to the data signal
using a first delay signal. In some embodiments, the first delay
1s applied to the data signal by a builer. At 504, the first
modified data signal 1s transmitted to a first multiplexer. In
some embodiments, the first modified data signal 1s transmit-
ted to a O-1input of the first multiplexer. In some embodiments,
the first modified data signal 1s transmitted from the buifer to
the first multiplexer. At 506, a random value 1s recerved at the
first multiplexer. In some embodiments, the random value 1s
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received at a 1-input of the first multiplexer. At 508, a first
multiplexer data signal 1s transmitted to a second multiplexer.
In some embodiments, the first multiplexer data signal 1s
transmitted to a 1-mnput of the second multiplexer. In some
embodiments, a determination 1s made as to whether a viola-
tion exists 1n at least one of a setup timing margin or a hold
timing margin. In some embodiments, a determination 1s
made that the violation exists 1n at least one of the setup
timing margin or the hold timing margin. In some embodi-
ments, 1 response to the determination that the violation
ex1sts 1n at least one of the setup timing margin or the hold
timing margin, the random value 1s transmitted as the first
multiplexer data signal. In some embodiments, a determina-
tion 1s made that the violation does not exist 1n at least one of
the setup timing margin or the hold timing margin. In some
embodiments, 1n response to the determination that the vio-
lation does not exist 1n at least one of the setup timing margin
or the hold timing margin, the first modified data signal 1s
transmitted as the first multiplexer data signal. At 510, a
random value turn on control signal 1s recerved at the second
multiplexer. At 512, a second multiplexer data signal 1s trans-
mitted to a flip-flop. In some embodiments, 11 the random
value turn on control signal comprises 1, the first multiplexer
data signal 1s transmitted as the second multiplexer data sig-
nal. In some embodiments, if the random value turn on con-
trol signal comprises O, the first modified data signal 1s trans-
mitted as the second multiplexer data signal.

FIG. 6a 1llustrates a method 600 for enablement of a ran-
dom function. In some embodiments, the random function 1s
used to generate the random value 312 described above with
regard to FIGS. 3 and 4. At 602, the random function 1s turned
on. In some embodiments, the random function 1s associated
with the phase detector 200. At 604, the flip-flop 102 of the

phase detector 200 1s modeled. At 606, a determination 1s
made as to whether a violation exists in at least one of a setup
timing margin or a hold timing margin. At 608, a random
value for the Q-output 108 of the flip-tlop 102 1s generated. In
some embodiments, the random value for the Q-output 108
comprises 0. In some embodiments, the random value for the
Q-output 108 comprises 1. In some embodiments, when the
random function 1s turned on, the behavior of the tlip-tlop 102
1s similar to behavior of a real or non-ideal flip-flop. In some
embodiments, when the random function 1s turned on, the
behavior of the flip-tlop 1s within a threshold of the behavior
of the real tlip-tflop. Graph 610 1llustrates a representation of
behavior of the flip-flop 102 when the random function 1s
turned on. Line 622 illustrates behavior of a signal at the

D-1nput 104 of the thip-tlop 102. Line 624 illustrates behavior
of a signal at the CP-nput 106 of the flip-tlop 102. Line 626
illustrates behavior of a signal at the Q-output 108 of the
tlip-tflop 102.

FIG. 6b illustrates a method 6350 for disablement of a
random function. In some embodiments, the random function
1s used to generate the random value 312 described above
with regard to FIGS. 3 and 4. At 612, the random function 1s
turned off. In some embodiments, the random function 1s
associated with the phase detector 200. At 614, the thp-flop
102 of the phase detector 200 1s modeled as an 1deal flip-flop.
At 616, a determination 1s made as to whether a violation
exi1sts 1n at least one of a setup timing margin or a hold timing
margin. At 618, a value for the Q-output 108 1s generated. In
some embodiments, the Q-output 1s equal to a value at the
D-1nput 104 of the flip-flop. In some embodiments, the value
for the Q-output 108 comprises 0. In some embodiments, the
value for the Q-output 108 comprises 1. In some embodi-
ments, when the random function is turned off, the behavior
of the thp-flop 102 1s similar to behavior of an 1deal tlip-tlop.
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In some embodiments, when the random function 1s turned
off, the behavior of the thp-tlop 102 1s within a threshold of
the behavior of the ideal flip-flop. Graph 620 illustrates a
representation of behavior of the flip-tlop 102 when the ran-
dom function is turned off. Line 628 1llustrates behavior of a
signal at the D-imnput 104 of the thp-flop 102. Line 630 1llus-
trates behavior of a signal at the CP-input 106 of the flip-tlop
102. Line 632 1llustrates behavior of a signal at the Q-output
108 of the flip-tlop 102. In some embodiments, a difference
between line 632 and line 626 1s representative of a difference
between the behavior of the Q-output of the tlip-tlop when the
random function 1s turned on and the behavior of the Q-output
of the flip-flop when the random function 1s turned off. In
some embodiments, line 632 1s representative of a constant
level associated with the Q-output of the flip-flop when the
random function 1s turned off. In some embodiments, at least
part of line 632 1s equal to at least part of line 628 at a rising
edge of line 630 when there exists a setup time violation or a
hold time violation when the random function is turned off. In
some embodiments, line 626 1s representative of a change 1n
a level associated with the Q-output of the tlip-tlop. In some
embodiments, a value of line 626 1s random when both the
random function 1s turned on and there exists a setup time
violation or a hold time violation.

FIG. 7 illustrates a representation of behavior associated
with the phase detector 200. Line 702 1illustrates behavior
associated with a clock. Region 704 A and region 704B 1llus-
trate margins associated with a non-existence of a violation.
In some embodiments, region 704A and region 704B 1llus-
trate margins associated with a non-existence of at least one
of a hold timing violation or a setup timing violation. Region
706 1llustrates a margin associated with an existence of a
violation. In some embodiments, region 706 illustrates a mar-
gin associated with an existence of a hold timing violation.
Region 708 1llustrates a margin associated with an existence
of a violation. In some embodiments, region 708 1llustrates a
margin associated with an existence of a setup timing viola-
tion. Line 710 illustrates behavior associated with third data
associated with the tlip-tflop. Line 712 1illustrates behavior
associated with second data associated with the flip-flop. Line
714 1illustrates behavior associated with first data associated
with the flip-flop. Line 716 illustrates behavior associated
with zero data associated with the tlip-flop. In some embodi-
ments, a transition of a line represents an association of the
line with at least one of region 704 A, region 704B, region 706
or region 708. In some embodiments, transition 718 of line
710 mdicates that line 710 and the third data are associated
with region 704B. In some embodiments, transition 718 of
line 710 indicates that line 710 and the third data are associ-
ated with a non-existence of at least one of a hold timing
violation or a setup timing violation. In some embodiments,
transition 720 of line 712 indicates that line 712 and the
second data are associated with region 708. In some embodi-
ments, transition 720 of line 712 indicates that line 712 and
the second data are associated with an existence of a setup
timing violation. In some embodiments, transition 722 of line
714 1ndicates that line 714 and the first data are associated
with region 706. In some embodiments, transition 722 of line
714 indicates that line 714 and the first data are associated
with an existence of a hold timing violation. In some embodi-
ments, transition 724 of line 716 indicates that line 716 and
the zero data are associated with region 704A. In some
embodiments, transition 724 of line 716 indicates that line
716 and the zero data are associated with a non-existence of at
least one of a hold timing violation or a setup timing violation.
In some embodiments, at least one of the third data, the
second data, the first data or the zero data corresponds to at
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least one of the data source 110, the clock 112, the D-1nput
104, the CP-1nput 106 or the Q-output 108.

FIG. 8 illustrates behavior of a circuit associated with a
tlip-tflop. Graph 802 illustrates measurements associated with
a flip-tlop that does not have a violation. In some embodi-
ments, a phase jitter associated with graph 802 1s 1.2 ps. In
some embodiments, a reference clock frequency associated
with graph 802 is the same as or similar to 200 MHz. In some
embodiments, a noise tloor of in-band associated with graph
802 1s the same as or similar to -107 dBc/Hz. Graph 804
illustrates measurements associated with a tlip-tlop that does
have a violation. In some embodiments, a phase jitter associ-
ated with graph 804 1s 1.7 ps. In some embodiments, a refer-
ence clock frequency associated with graph 804 1s the same as
or stmilar to 200 MHz. In some embodiments, a noise floor of
in-band associated with graph 804 1s the same as or similar to
-102 dBc¢/Hz.

Still another embodiment involves a computer-readable
medium comprising processor-executable instructions con-
figured to implement one or more of the techniques presented
herein. An example embodiment of a computer-readable
medium and/or a computer-readable device that 1s devised in
these ways 1s 1llustrated 1n FIG. 9, wherein the implementa-
tion 900 comprises a computer-readable medium 908, such as
a CD-R, DVD-R, flash drive, a platter of a hard disk drive,
etc., on which 1s encoded computer-readable data 906. This
computer-readable data 906 in turn comprises a set of com-
puter 1nstructions 904 configured to operate according to one
or more of the principles set forth herein. In one such embodi-
ment 900, the processor-executable computer instructions
904 15 configured to perform a method 902, such as at least
some o] the exemplary method 500 of FIG. 5, at least some of
exemplary method 600 of FIG. 6a and/or at least some of
exemplary method 650 of FIG. 65, for example. Many such
computer-readable media are devised by those of ordinary
skill 1n the art that are configured to operate 1n accordance
with the techniques presented herein.

In some embodiments, a circuit for a phase detector 1s
provided. In some embodiments, the circuit comprises a first
butiler configured to receive a data signal apply a first delay to
the data signal, using a first delay signal, to generate a first
modified data signal. In some embodiments, the system com-
prises a notifier configured to receive the data signal, and
determine whether a violation exists 1n at least one of a setup
timing margin or a hold timing margin. In some embodi-
ments, the system comprises a first multiplexer configured to
receive the first modified data signal from the buffer at a
O-input of the first multiplexer, recerve a random value at a
1 -1input of the first multiplexer, and transmuit a first multiplexer
data s1ignal, comprising responsive to the notifier determining
that the violation exists 1n at least one of the setup timing
margin or the hold timing margin, transmitting the random
value as the first multiplexer data signal, and responsive to the
notifier determining that the violation does not exist 1n at least
one of the setup timing margin or the hold timing margin,
transmitting the first modified data signal from the bufler as
the first multiplexer data signal. In some embodiments, the
system comprises a second multiplexer configured to receive
the first modified data signal from the buifer at a O-input of the
second multiplexer, recerve the first multiplexer data signal
from the first multiplexer at a 1-imnput of the second multi-
plexer, receive a random value turn on control signal, and
transmit a second multiplexer data signal to a D-pin of a
tlip-flop of the phase detector, comprising responsive to the
random value turn on control signal comprising 1, transmit-
ting the first multiplexer data signal as the second multiplexer
data signal, and responsive to the random value turn on con-
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trol signal comprising O, transmitting the first modified data
signal from the builer as the second multiplexer data signal.

In some embodiments, a method 1s provided. In some
embodiments, the method comprises applying a first delay to
a data signal, using a first delay signal, to generate a {first
modified data signal using a buifer. In some embodiments, the
method comprises transmitting the first modified data signal
from the buffer to a O-mnput of a first multiplexer. In some
embodiments, the method comprises recetving a random
value at a 1-1mnput of the first multiplexer. In some embodi-
ments, the method comprises transmitting a first multiplexer
data signal from the first multiplexer to a 1-1nput of a second
multiplexer, comprising responsive to determining that a vio-
lation exists 1n at least one of a setup timing margin or a hold
timing margin, transmitting the random value as the first
multiplexer data signal, and responsive to determining that
the violation does not exist 1n at least one of the setup timing
margin or the hold timing margin, transmitting the first modi-
fied data signal from the builer as the first multiplexer data
signal. In some embodiments, the method comprises recerv-
ing a random value turn on control signal at the second mul-
tiplexer. In some embodiments, the method comprises trans-
mitting a second multiplexer data signal from the second
multiplexer to a D-pin of a flip-tlop of a phase detector,
comprising responsive to the random value turn on control
signal comprising 1, transmitting the first multiplexer data
signal as the second multiplexer data signal, and responsive to
the random value turn on control signal comprising 0, trans-
mitting the first modified data signal from the buffer as the
second multiplexer data signal.

In some embodiments, a circuit for a phase detector 1s
provided. In some embodiments, the system comprises a first
multiplexer configured to recerve a first modified data signal
at a O-mput of the first multiplexer, receive a random value at
a 1-mput of the first multiplexer, and transmait a first multi-
plexer data signal, comprising responsive determining that a
violation exists 1n at least one of a setup timing margin or a
hold timing margin, transmitting the random value as the first
multiplexer data signal, and responsive to determining that
the violation does not exist 1n at least one of the setup timing,
margin or the hold timing margin, transmitting the first modi-
fied data signal as the first multiplexer data signal. In some
embodiments, the system comprises a second multiplexer
configured to recerve the first modified data signal at a O-1input
of the second multiplexer, recerve the first multiplexer data
signal from the first multiplexer at a 1-mnput of the second
multiplexer, and transmit a second multiplexer data signal to
a tlip-tlop of the phase detector, comprising responsive to the
random value turn on control signal comprising 1, transmit-
ting the first multiplexer data signal as the second multiplexer
data signal, and responsive to the random value turn on con-
trol signal comprising O, transmitting the first modified data
signal as the second multiplexer data signal.

The foregoing outlines features of several embodiments so
that those skilled 1n the art may better understand the aspects
of the present disclosure. Those skilled i the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled 1n the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

Various operations of embodiments are provided herein.
The order in which some or all of the operations are described
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should not be construed as to 1imply that these operations are
necessarily order dependent. Alternative ordering will be
appreciated by one skilled 1n the art having the benefit of this
description. Further, it will be understood that not all opera-
tions are necessarily present in each embodiment provided
herein. Also, it will be understood that not all operations are
necessary in some embodiments.

Moreover, “exemplary” 1s used herein to mean serving as
an example, instance, 1llustration, etc., and not necessarily as
advantageous. As used 1n this application, “or” 1s intended to
mean an inclusive “or” rather than an exclusive “or”. In addi-
tion, “a” and “an” as used 1n this application and the appended
claims are generally be construed to mean “one or more”
unless specified otherwise or clear from context to be directed
to a singular form. Also, at least one of A and B and/or the like
generally means A or B or both A and B. Furthermore, to the
extent that “includes”, “having”, “has™, “with”, or variants
thereof are used, such terms are intended to be inclusive 1n a
manner similar to the term “comprising”. Also, unless speci-
fied otherwise, “first,” “second,” or the like are not intended to
imply a temporal aspect, a spatial aspect, an ordering, etc.
Rather, such terms are merely used as 1dentifiers, names, etc.
for features, elements, items, etc. For example, a first element
and a second element generally correspond to element A and
clement B or two different or two 1dentical elements or the
same element.

Also, although the disclosure has been shown and
described with respect to one or more implementations,
equivalent alterations and modifications will occur to others
skilled 1n the art based upon a reading and understanding of
this specification and the annexed drawings. The disclosure
comprises all such modifications and alterations and 1s lim-
ited only by the scope of the following claims. In particular
regard to the various functions performed by the above
described components (e.g., elements, resources, etc.), the
terms used to describe such components are imtended to cor-
respond, unless otherwise indicated, to any component which
performs the specified function of the described component
(e.g., that 1s functionally equivalent), even though not struc-
turally equivalent to the disclosed structure. In addition, while
a particular feature of the disclosure may have been disclosed
with respect to only one of several implementations, such
feature may be combined with one or more other features of
the other implementations as may be desired and advanta-
geous for any given or particular application.

What 1s claimed 1s:

1. A circuit for a phase detector, comprising:

a first builer configured to:

receive a data signal; and
apply a first delay to the data signal, using a first delay
signal, to generate a first modified data signal;

a notifier configured to:

receive the data signal; and
determine whether a violation exists 1n at least one of a
setup timing margin or a hold timing margin;

a first multiplexer configured to:

receive the first modified data signal from the butfer at a
O-1nput of the first multiplexer;
receive a random value at a 1-mnput of the first multi-
plexer; and
transmuit a first multiplexer data signal, comprising:
responsive to the notifier determiming that the viola-
tion exists 1n at least one of the setup timing margin
or the hold timing margin, transmitting the random
value as the first multiplexer data signal; and
responsive to the notifier determiming that the viola-
tion does not exist 1in at least one of the setup timing
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margin or the hold timing margin, transmitting the
first modified data signal from the butier as the first
multiplexer data signal; and
a second multiplexer configured to:
receive the first modified data signal from the buffer at a
0-1nput of the second multiplexer;
receive the first multiplexer data signal from the first
multiplexer at a 1-input of the second multiplexer;
receive a random value turn on control signal; and
transmit a second multiplexer data signal to a D-pinof a
tlip-tlop of the phase detector, comprising:
responsive to the random value turn on control signal
comprising 1, transmitting the first multiplexer
data signal as the second multiplexer data signal;
and
responsive to the random value turn on control signal
comprising 0, transmitting the first modified data
signal from the bufler as the second multiplexer
data signal.
2. The system of claim 1, comprising a second bufler
configured to:
apply a second delay to a clock signal, using a second delay
signal, to generate a second modified data signal.
3. The system of claim 1, comprising a clock configured to:
transmit a clock signal to at least one of the notifier or a
second buftfer.
4. The system of claim 2, comprising a clock configured to:
transmit the clock signal to at least one of the notifier or the
second buftfer.
5. The system of claim 2, the second delay signal different
than the first delay signal.
6. A method, comprising;:
applying a first delay to a data signal, using a first delay
signal, to generate a first modified data signal using a
butter;
transmitting the first modified data signal {from the butifer to
a O-mput of a first multiplexer;
receiving a random value at a 1-mput of the first multi-
plexer;
transmitting a first multiplexer data signal from the first
multiplexer to a 1-input of a second multiplexer, com-
prising;:
responsive to determining that a violation exists in at
least one of a setup timing margin or a hold timing,
margin, transmitting the random value as the first
multiplexer data signal; and
responsive to determining that the violation does not
ex1st 1n at least one of the setup timing margin or the
hold timing margin, transmitting the first modified
data signal from the butler as the first multiplexer data
signal;
receiving a random value turn on control signal at the
second multiplexer; and
transmitting a second multiplexer data signal from the sec-
ond multiplexer to a D-pin of a flip-flop of a phase
detector, comprising:
responsive to the random value turn on control signal
comprising 1, transmitting the first multiplexer data
signal as the second multiplexer data signal; and
responsive to the random value turn on control signal
comprising 0, transmitting the first modified data sig-
nal from the bufler as the second multiplexer data
signal.
7. The method of claim 6, comprising;
applying a second delay to a clock signal, using a second
delay signal, to generate a second modified data signal
using a second butier.
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8. The method of claim 6, at least one of the determining,
that a violation exists or the determining that the violation
does not exist based upon a clock signal.

9. The method of claim 7, the second delay signal different
than the first delay signal.

10. A circuit for a phase detector, comprising:

a first multiplexer configured to:
receive a first modified data signal at a O-input of the first
multiplexer;
receive a random value at a 1-mnput of the first multi-
plexer; and
transmit a first multiplexer data signal, comprising:
responsive determining that a violation exists in at
least one of a setup timing margin or a hold timing
margin, transmitting the random value as the first

multiplexer data signal; and

responsive to determining that the violation does not
exist 1n at least one of the setup timing margin or the
hold timing margin, transmitting the first modified
data signal as the first multiplexer data signal; and

a second multiplexer configured to:

receive the first modified data signal at a O-1input of the
second multiplexer;
receive the first multiplexer data signal from the first
multiplexer at a 1-1input of the second multiplexer;
receive a random value turn on control signal; and
transmit a second multiplexer data signal to a flip-flop of
the phase detector, comprising;:
responsive to the random value turn on control signal
comprising 1, transmitting the first multiplexer
data signal as the second multiplexer data signal;
and
responsive to the random value turn on control signal
comprising 0, transmitting the first modified data
signal as the second multiplexer data signal.

11. The system of claim 10, the second multiplexer con-
figured to transmit the second multiplexer data signal to a
D-pin of the flip-tlop.

12. The system of claim 10, the random value comprising
at least one of O or 1.

13. The system of claim 10, comprising a first butfer con-
figured to:

recerve a data signal; and

apply a first delay to the data signal, using a first delay

signal, to generate the first modified data signal.

14. The system of claim 10, comprising a notifier config-
ured to:

recerve a data signal; and

determine whether the violation exists in at least one of the

setup timing margin or the hold timing margin based
upon the data signal.

15. The system of claim 10, the first multiplexer configured
to receive the first modified data signal from a first butfer.

16. The system of claim 10, the first multiplexer different
than the second multiplexer.

17. The system of claim 10, comprising a second builer
configured to:

recerve a clock signal; and

apply a second delay to the clock signal, using a second

delay signal, to generate a second modified data signal.

18. The system of claim 14, comprising a clock configured
to:

transmit a clock signal to the notifier.

19. The system of claim 17, comprising a clock configured
to:

transmit the clock signal to the second buiier.
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20. The system of claim 17, the second delay signal ditter-
ent than a first delay signal used to generate the first modified
data signal.

12
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